Fabrication of vesicles with the diameter of 4-30 m was achieved by mixing of a hydrophobic nonionic surfactant (Span 65) with a poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide) block copolymer (Pluronic P123) in aqueous solutions at room temperature. Ring-shaped structure of the Pluronic P123/Span 65 mixture assemblies was confirmed by fluorescence microscopy. The presence of internal aqueous phase in the Pluronic P123/Span 65 mixture assemblies was determined by measuring the entrapment efficiency of calcein using fluorescence spectroscopy. On the other hand, Pluronic P123/Span 60 mixture system formed wire-like assemblies but not vesicles.
Vesicle preparation
Conventional chloroform film method [36, 41] Table 1 ) or their mixture dissolved in chloroform were evaporated at 60 °C under vacuum by rotary-evaporator.
The resulting films composed of the block copolymer, surfactant or block copolymer/surfactant mixture were dried for 24 h in a desiccator under vacuum at room temperature (~25 ˚C). The dried film was hydrated and swollen with ultrapure water (18.2 M cm at 25 °C, Millipore-filtered water) at 60 °C for 1 h following agitation by vortex mixer for 1 min.
Characterization

Transmittance (turbidity) measurement
Stability of the assemblies formed was checked by measuring the transmittance (turbidity) of the dispersions with a UV-visible spectrophotometer (U-1900, HITACHI) at a wavelength of 700 nm in a quartz sample cell with 1 cm thickness at room temperature (~25 °C). Transmittances of the dispersions were measured at 1 h after preparation.
Particle size distribution measurement
Size distributions of assemblies formed were measured with a laser diffraction particle size distribution analyzer (LA-950, HORIBA). Detectable range is 0.01-3000 m in diameter.
Fluorescence microscopy
Shape of the assemblies formed was confirmed with a fluorescence microscope (BZ-9000, KEYENCE). Hydrophobic dye, Coumarin 540 (C 20 H 18 N 2 O 2 S , Exciton) ( ex = 458 nm,  em = 505 nm), was solubilized into hydrophobic regions of the assemblies as a fluorescence probe to visualize the assembly structures. The Fluorescence micrographs of the assemblies were observed at 1 day after preparation because it took 1 day to introduce the dye molecules into hydrophobic regions of assemblies.
Shape of the assemblies that we obtained was also observed with a cryo-transmission electron microscope (cryo-TEM) (H-7650, Hitachi High Technologies Co.) at an accelerating voltage of 120 kV under a low electron dose at 4 days after preparation. .
The specimens for cryo-TEM observation were prepared following a previous report [42] . A small amount of the sample solution was placed on the surface of a TEM copper grid covered by a porous carbon film. The TEM copper grid with the sample solution was held by a pair of self-locking tweezers mounted on a spring-loaded shaft with a cryo preparation system (Leica EM CPC, Leica Microsystems AG). A thin sample film (~300 nm thickness) on the TEM copper grid obtained by blotting the sample solution with a filter paper was plunged into liquid ethane cooled by liquid nitrogen (-175 ˚C). The TEM copper grid with the frozen sample was transferred onto the tip of a cryospecimen holder (CT3500, Oxford Instruments plc.) under liquid nitrogen. Then, the specimens were observed by the cryo-TEM at -173 °C.
Entrapment efficiency measurement
In order to determine the vesicle formation, the entrapment efficiency of a water- 
where r is the volume correction factor (r = 1.04). The fluorescence spectroscopy measurement was performed at 1 h after preparation.
Results and Discussion
Pluronic P123/Span 60 mixture
We first checked the stability of Pluronic P123 assemblies formed through hydration and swelling of Pluronic P123 film at 60 °C. An opaque dispersion obtained after hydration and swelling of Pluronic P123 film at 60 °C changed into a transparent solution by cooling to room temperature (~25 °C) (see Figure 1a ). This is due to the transformation of the large assemblies and/or aggregates such as liquid crystal gels formed at 60 °C into the spherical micelles at room temperature (~25 °C) [44] . Namely, vesicles are not formed from Pluronic P123 alone in aqueous solutions at room temperature (~25 °C) [22] [23] [24] .
On the other hand, it is known that vesicles are formed in a nonionic surfactant, Span 60, and Span 60/cholesterol mixture (defined as nonionic surfactant vesicles and niosomes) [36] . tends to increase the size of Pluronic P123/Span 60 mixture assemblies (see Figure   6b ). The sizes of the assemblies remained unchanged with the elapsed time for 3 days that we monitored (see Figure 6c) . No noticeable ring-shaped structure of the Pluronic P123/Span60 mixture assemblies was observed by fluorescence microscopy (see Figure 7) . This is most likely due to the smaller sizes of the assemblies than lower detectable limit (~1 m in diameter) of the fluorescence microscope. In order to confirm the vesicle structure, the entrapment efficiencies of calcein in the Pluronic 
where v is the volume of hydrophobic part (surfactant tail), a 0 is the area of the hydrophilic part (surfactant head) and l c is the critical surfactant chain length. It is proposed that spherical micelles, cylindrical micelles, vesicles (flexible bilayers), planar bilayers and inverted micelles are formed at CPP < 1/3, 1/3-1/2, 1/2-1, ~1 and > 1, respectively [47, 48] . Thus, the formation of Pluronic P123 spherical micelles in an aqueous solution is most likely due to the cone shape of Pluronic P123 critical packing shape (CPP < 1/3) (see Table 2 ). Formation of wire-like assemblies in Pluronic P123/Span 60 mixture system that we observed by cryo-TEM shown in Figure 8 implies that CPP of a Pluronic P123/Span 60 complex would be 1/3-1/2 (see Table 2 ). That is, Span 60 would not be sufficient hydrophobicity to expand the area of hydrophobic part of the Pluronic P123/Span 60 complex for vesicle formation.
Pluronic P123/Span 65 mixture
We now realized no vesicle formation in the Pluronic P123/Span 60 mixture system. This is most likely due to the small area of the hydrophobic part of the Pluronic P123/Span 60 complex. In order to prepare vesicles in Pluronic P123/nonionic surfactant mixture system, the CPP of a Pluronic P123/nonionic surfactant complex must be 1/2-1 (see Table 2 ). Namely, more hydrophobic nonionic surfactant should be required to expand the area of hydrophobic part of Pluronic P123/nonionic surfactant complex for vesicle formation of Pluronic P123/nonionic surfactant mixture.
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Then, we next considered mixing Span 65 with Pluronic P123 because Span 65 is a hydrophobic nonionic surfactant more than Span 60 (see Table 1 ). The Pluronic P123/Span 65 mixture film was hydrated and swollen in water at 60 °C, and the opaque dispersions were retained at room temperature (~25 °C) in the range of 0.1-0.9 Span 65 mass fraction in the Pluronic P123/Span 65 mixture (see Figure 1d and Figure 2) . Note here that Span 65 itself does not dissolve in water. A size distribution with the range of 4-30 m of the Pluronic P123/Span 65 mixture assemblies (0.5 Span 60 mass fraction in the mixture) was measured by the laser diffraction particle size distribution analyzer at 1 h after preparation (see Figure 9a) .
The size of Pluronic P123/Span65 mixture assemblies was independent on the Span 65 mass fraction in the Pluronic P123/Span 65 mixture assemblies and was kept for 3 days that we monitored after preparation (see Figure 9b) . Fluorescence microscopy revealed the ring-shaped structure of Pluronic P123/Span 65 mixture assemblies in the diameter range of 4-10 m in the range of 0.1-0.9 Span 65 mass fraction in the Pluronic P123/Span 65 mixture (see Figure 10 ). Since the assemblies were too large to be observed by cryo-TEM, the cryo-TEM image was not shown here. Entrapment efficiencies of calcein in Pluronic P123/Span 65 mixture assemblies were ~5% (see 
Conclusions
We revealed the formation of vesicles by mixing of a hydrophobic nonionic surfactant, Span 65, with a poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide) block copolymer, Pluronic P123. On the other hand, mixture of Span 60 with Pluronic P123 produced the wire-like assemblies but not vesicles. Shape of the assemblies (vesicles and wire-like assemblies) formed by mixing of the nonionic surfactants with Pluronic P123 could be explained in terms of the critical packing parameter (CPP) (geometrical structure) of Pluronic P123/nonionic surfactant complex. Span 65 would expand the hydrophobic part of Pluronic P123/nonionic surfactant complex more than Span 60 because the Span 65 is more hydrophobic than Span 60. These findings we reported in this paper should provide better insight on the vesicle formation of poly(ethylene oxide)-poly(propylene oxide) block copolymers and further opportunities in colloidal and biomedical applications (e.g., drug-delivery system and bio-imaging). 
